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§ 1.  Introduction. 
 Although no experiment has yet proved 
the existence of an ionized layer  in the 
middle atmosphere, some observational evi-
dences pointing to the formation of an 
absorbing ionized region below the E layer 
have been found occasionally by many in-
vestigators in widely  different parts of the 
world.  APPLETON in 1928 suggested that 
the layer was situated at about 60 km 
height  and that it could also deviate elec-
tromagnetic  waves"). This view was not, 
however, pressed in subsequent years par-
ticularly because of the lack of direct proof 
regarding its existence, such as that  fur-
nished by radio echos. 
  Later on, however, MITRA and  SY-Am(2) 
in 1935,  COLWELL and  FRIEND(3) in 1936, 
and little later WATSON  WATT,  BAINBRIDGE-
BELL, WILKINS and  BowEN(4) announced 
that they  had detected the regular reflection 
of radio wave from an equivalent height 
of about 55 km independently in their 
 Own  countr  ies, and  while  DELLINGER(5) in 
1935 explained that the phenomenon of 
radio fade-out was due to the absorption 
in the lower  part of the E layer or in the 
lower region than the E layer because of 
its abrupt increase of ionization density by 
the solar radiation  accompanying  the solar 
 eruption. 
 These observations  informed the  cossi-
bility that the atmosphere below  90  km is 
 also• stratified particularly during  day, 
time into ionized layer similar to that in 
the upper atmosphere. Collecting these 
observational reports, it is generally agreed 
that the minimum equivalent height is 
about 55 km and the mode of reflection is 
sporadic. But there are many disagreements 
as regard to the season and the local time 
of its appearance, characteristics of the 
reflected waves and the wave-frequencies. 
Recently,  ELLYETT(6) made a systematic 
observation carefully at  Raoul Is. (30°S, 
178° W) and Pitcairn Is. (25° S, 130°  W) 
and concluded that the D-echos were de-
tected frequently during daytime especially 
at the local noon. 
 However, it has no need of sporadic ioni-
zation for the sporadic reflection, MITRA, 
BHAR and  G-HosH(7) showed another possible 
mode of sporadic reflection. The condition 
for this mode of reflection is described as 
rapid change of the refractive index with  in-
creasing electron density  within. a distance 
 compared with one vacuum wave-length 
of the propagated wave. And they also  ex-
plained the formation of the D layer having 
a maximum ionization by the photo-ioniza-
tion of oxygen molecules at their first  ioni-
zation potential (15.5 eV)  cluing to the 
solar radiation. Moreover, ozone or other 
constituents may be ionized and probably
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produce stratifications with maximum ioni-
zation, but it is a future problem what 
kind of gas is forming the D layer. At 
all events, the posibility of the existence 
of the  D layer below the E region is now 
gradually felt positive by many investi-
gators on the various bases concerning the 
ionosphere. For instance,  PFISTER'S) dis-
cussed its formation in somewhat detail. 
 Last year,  AoN6(9) announced about the 
existence of the D layer by  inquiring into 
the change of the value of  Amin, the  mini-
mum frequency in  lif-f curve for the E 
region,  during the  total solar  eclipse on 
 1.1ay  9, 1948,  HokkaidO, Japan.  Ac--cording to his suggestion,  we .studied about 
the diurnal variation of  Amin and made a 
 sUppoSition  concerning the D  layer(1°). 
 In our  previous  paper, the assumption 
that the distribution of the electron  'density 
 was given by the CHAPMAN'S formula was 
 discussed by  comparing with the observa-
tional results.  NoW, the further studies 
 about the data of  fEn,in supporting  the sup-
position  of the  D-ionization by the solar 
radiation will be mentioned  In. this paper. 
 §  Z.  .1tpgular Variation of.  f  Muhl. 
• The  higheSt  .value  of  f  Emin is observed at 
 the local noon  every month and the gradual 
decays of  'that are symmetrical about the 
'lo
cal noon, but their  gradients' are control-
led by the seasonal  circumstances. In the 
 previotis  .note"°), it was shown that the 
diurnal variation of was was expressed 
generally  by the following  formula  ; 
           A  cosvx,  (1) 
where  y=-3/4  and'  A.'=3.26 If the  for-
'Muhl (1) were adequate  at-any-time of the  
'
year,  the' seasonal variation  of the noon 
value  of  AL,i„ that  is  f  Emin,  ?I  7 might  be
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expressed by
(= A COSI  Xn)(2) 
where  X. is the zenith distance of the sun 
at noon. Comparing, however, the observ-
ed values of  (fEmiti)., from December, 1946 
to February, 1949, with that calculated ac-
cording to (2), it is noticed that the  obser-
vational values are rather exceeded in sum-
mer and deficient in winter. These  deflec-
tions may not  bo accounted for even by 
relating with the solar activity.  Accord-
ing to the observational results  obtained 
 from the data during the above-mentioned 
term, the values of constants  A' and 
the equation 
 (fEmin).  =  A'cosYA., (3) 
are calculated as 3.34 and 0.956, respective-
ly, by means of the least squares,  and 
it is noticeable that the value of  y'. is  con-
siderably higher than 3/4. Fig. 1 shows 
 (taw. 
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     Fig.  1. A  cos'61 Xn and  A'  (coszcn)"". 
the observed values of  (fE,„)„ for every 
month and those which are calculated ac-
cording to (2) and  (3), and are listed in 
Table 1. 
 These disagreements are considered to 
be resulted from the  simplicity of the as-
sumptions made in the  previous paper. 
Therefore, it is indispensable to inquire 
closely into the  diurnal variation of  fEmin
, 
I
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 Table 1..  Ob3erved  /*Emir,
 3 
 COS4X„  and At (cos x7,)°.93'.  (MC/s)
 Alonth 1 2 3 4 7 8 9 10  11  12.
Observed
A  COS3  14  X„





































for each month for the examination of the 
deficiencies of the assumptions. 
 According to the equation  (1),the values 
of A and y for every month are calculated 
by means of the least squares basing on 
the data and are shown in the left column 
of Table 2. It is quite remarkable that A 
 A 
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 Fig. 3.  The  SeaHonal  Variation of y.
and y vary with the season as shown in 
Fig. 2 and Fig. 3. Except some  irregu-
larities in January and in November, A 
 and y take high values in summer and 
may be expressed as a function of  X. It 
is a noteworthy problem whether these 
periodic variations are considered as the 
compositions of  the two components, one 
of which is of semi-annual and the other 
is of annual period, or regarded as the 
simple variation with 12-months-period. 
Considering, however, the  experimental 
error resulted from the lack of sufficient 
data for a long term, these variations are, 
at this step, regarded  approximately as 
 cosux„, (4) 
and  y=  b  cosvx„.  (5) 
Then, the values of constants a, b,  u and 
 v are estimated by means of the least 
squares as  follows  : 
      a=3.52, b=1.087, 
 u:=0.744 and v--=2.5764. 
Using the above values, the most  probable 
values of A and  y. for every month are 
shown in  the right column of  Table 2 and 
by dotted lines in Fig. 2 and Fig. 3. 
 Therefore, substituting (4) and (5) into 
(1),  fEmin at any time of the day in given 
month is expressed as 
 =  a  Coex„(  cos  x)'svx" (6) 
or  logf,,,„,„=log  a  +  u log cos  x„ 
 -1--b  cosy  x„  • log cos  x, (7) 
where  x is the zenith distance of the sun 
at any time, and  x„ is that at the local
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Table 2.  Seasonal Changes of A and  y.
Month ObEerved  Calculated
A A
 1 2.98 0.472 2.26 0.233
2 2.39 0.332 2.58 0.373
3 2.99 0.568 2.98 0.612
4 3.39 0.946 3.26 0.828
 5 3.59 1.216 3.42 0.978
6 3-79 1.322 3.47 1.031
7 3.51 1.000 3.44 1.005
8 3.30 0.770 3.34 0.902
9 3.00 0.629 3.09 0.694
10 2.31 0.352 2.76  0.466
11 1.89  0.126  2.38 0.279
 12 2.30 0.281 2.17 0.202
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    given by putting  X=  X„ into the relation 
    (8) as  follows  : 
 leg  (fEwin),1-=  0.5468 + 0.7443 
 +  1.087  (  cos  X„)2.5744  log  cos  X„. (9) 
      The calculated values of  (Amin).  accord-
    ing to (9) are compared  and have good 
 agreements with the observational results 
    as shown  in Table 3 and the dotted line 
     in Fig. 4. 
 0.44
 noon on the day under consideration,  and 
a, b, u  and v are the constants as  shown 
above. Using the common logarithms, we 
have 
 log  fE  min  ------0.5468  +  0.7443  log  cos  x„ 
 1.087(cos  x„)'.5764. log cos X. (8) 
These final  relations,  (6), (7) and  (8), are 
the experimental  fothulae expressing  gen-
erally the value of  Amin at any time of 
 day  in any  given season. 
 According to the results, the  seasonal 
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   Fig. 4. The Seasonal Variation of  (fEmin)  •
 For these experimental evidences, it  be-
comes impossible to account for under the 
simple assumptions noted in the former 
paper that the seasonal variation is not 
following to formula (2) but to relation  (9).
Table 3.  CfEmitOnaccording to  (9).




























§  ti  Effects of the Temperature.  
. In the previous  paper; the whole  attenu-
ation of the radio wave which penetrate 
the D layer and is reflected from the  _E 
layer is expressed  8,3 the function of the 
angular frequency (p) of the wave and the 
zenith distance (X) of the sun as  folloWs
           HNov        r°
N/ 27re • cosiX, (10) 
where  k is a constant connected with the 
angle of incident of the wave, H is the 
scale height,  N, is the maximum density 
of electron at the equator when X= 0, and 
 vo is the collisional frequency of the electron
                    VARIATION OF THE 
to  neutral  particles at the height of  h0 
where electron density is  1V,,, and all these 
values were considered to be constant. 
However, since H  and  v0 are defined by 
                   KT      H= ( ) 
 nog 
           1 I  8K and v0=             1N 7T71T(12) 
where m, and m are the  m asses of a 
molecule and an electron, respectively, g is 
the constant of gravitation, K is the  BOLTZ-
MANN'S constant, T is the absolute tempe-
rature and 1 is the mean free path of  elec-
trons, then, H and  vv are related with tem-
perature  T. Introducing now the tempera-
ture  To at the equator when X and, 
 H, and  7),  corresponding to  T0, the scale 
height H and the collisional frequency  vo 
at any temperature T are given by 
     H°(—')and7,0=7),,\IT , (13) 
 0 and are not to be regarded as the con-
stant values, if  there take place the  season-
al variation of temperature in the  mid-
dle atmosphere. 
 Putting now 
                 T =t, 
the  seasonal change  o:  f  at  noon is given 
RJ 
r =k11'N't()j.,/ 27re.coh,„ (14) 
where  k,  N,  and are the constants. 
Therefore, as to  Amin, regarding  f  as a 
constant, the  seasonal variation of  (Amin), 
is driven  from (14) as follows  ; 
               3 3 
          (Amin ) A =Kti COS 4- Xn)  (15) 
where K is the constant, and it is men-
tioned  that  (fEmi„) is  affected remarkably 
by the  temperature.
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    The equation (15) is also written as
    log(fEmin)n= log  K 
     + (-3+ 3  log tlog cos X,„  (16)         4 4 log  cos  X„ 
  so that, comparing (16) with the  experi-
  mental relation  (9), we get 
       4 3   log t =(         34—u--+ b cos"X„)log cos  X.  (17) 
  That is to say,  t, is expressed by  an  ex-
  ponential  function of  cos  Xn. In formula 
 (17), the values of u, v and b are as-
  sumed as  akove-mentioned, but are lack-
  ing the high accuracy as noticed by Fig. 
  2 and Fig. 3, it is too rough to use these 
  results for estimating the value of  t. There-
  fore, only the value  of  u  (  =0.744) is adopt-
  ed, the values of b  cosvX, are not calculated 
  by relation (5), but are taken to be y which 
  are gotten directly from the  observational 
  data as shown in  the  left  column of Table 
  2, then, the  *seasonal variation of t is driv-
  en from (17) as is shown in Table 4. 
  Suppose that  To  7=300°K, for instance, the 
  monthly values of temperature  (T1) which 
  are estimated on the base of  the observation-
  al results are shown in the second column 
  and in  Fig. 5. Then, it  may be noticed 
  that the values of  T, stand on a smooth 
 T 
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Fig.  5. The  Seasonal Variation of  Tdmperature 
      Assuming that  to=  300°K
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Table 4.  Seasonal  .Variation of  (fE.i.)„ considering the  Tem perature Variation.
Month t  T1  when  Toz-.34)0°K T2 (assumed)
 (fErniii)ri
 Calculated 1  Observed
 1 0.690 207°K 231°K  1.90MC/s  2.30MC/H
2 0.835 247 240 2.24 2.03
 3  0.846 254 250  2.67  2.70
4  0:869  . 261  265  3.05
-  '3
.10
 5 0.936 281 278 3.30 3.40
0.968 290 288 3.46
7 0.960 288 287 3.42  3.45  -











 0.919 276 240  2.06 L75
12 0.786 236 232 1.83  L87
 jurve except  in-  January and in Novem-
ber. As there are some  suspicions in the 
observation of  fEmin in these months, these 
irregularities of  teniperature are provision-
ally put out of  question,  We may  get the 
 suitable temperature  7;  • for each month 
from the smoothed  'curve  in Fig. 5 and are 
 shown  in the  third column. Considering 
the  assumed values  T2, the seasonal  varia-
tion of  (fEmin).  is  ̀calculated by (15) as  ShOwn 
in the fourth column  and by  the  'enchained 
 Hue in  Fig.  4. In this case, the  value  of 
constant K in  (15) is  estimated. as  3.62. 
 Then, it is  obvious that the seasonal 
 variation.  of  .  uooii. fEmin consider-
ing the seasonal change of temperature in 
the  middle  -atmosphere shows  the rather 
good agreement with the observation.  Com-
. paring the relation (15) with the formula 
 (2),_ it can  be  noted thatf                               Malin1nvaries 
with  cos  n, similary to the diurnal varia-
tion of  Amin, and -is affected  • remarkably  by 
the seasonal variation of the temperature. 
§  4•  Discuss  on; and  Conclusion.  -
 Taking  into  account the  variati.on  of the
temperatuer in the  p  region, ,  the.  seasonal 
 variation. of (fis considered to be , pro-                wEminin 
portional to  X„,  as  we4  as,  the' diurnal 
variation  of  /Eon.  .  _This  _result-support the 
opinion that there  exists -an  absorbing 
layer, namely  the  D  layer,  'which is 
stratified  into ionized layer,  by  the. solar 
radiation and by which  the  radio.  waves 
of  lower ,  frequency  .are absorbed  partiCular-
ly during daytime. 
  In addition, the temperature in the 
region varies with the season, and its  diur-
nal variation may be  expected with the 
local time ;  2,  e„  the excess  of  y over 3/4 
may be probably concerned with the  diur-
nal variation of the temperature. But the 
values of y  in  winter are smaller than 3/4 
and  invite an absurdity  that the tempera-
ture is lowest at  noon.   As  regard to this 
question, it  is  considered to be resulted 
probably from the uncertainity of  y  because 
of little differences between the hourly 
values  of  fEmin  iII  winter:.  -  -
  Considering  the  process  of the apparent 
recombination of  electrons,, the  values  of  y 
must be larger than that listed in Table
VARIATION OF THE  MINIMUM FREQUENCY
and probably exceed over 3/4 in any 
month of the year.  Therefore, the more 
precise inquiry abDut  the- diurnal change 
of  Amin, taking into account the recombina-
tion, may b3 expected to give  an informa-
tion concerning the temperature in the 
middle atmosphere. 
 In this paper, by introducing  only the 
temperature-variation, the seasonal varia-
tion of  (fEn,,,i)„ is explained under the same 
assumptions which were made in the  pre-
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 vious report. 
 In conclusion, it is a great  pleasure for 
me to acknowledge my heartiest thanks to 
Prof. Dr.  Yoshio  ATO for his kind gui-
dance throughout this investigation and 
his keen interest  regarding the presentation 
of the paper. And my best thanks are 
due to the Electrical Communication Labo-
ratory of the Ministry of Telecommunica-
tions, for providing many experimental 
data.
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